
Interhemispheric differences in denitrification

and related processes affecting polar ozone
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!I’IIc sevme  deplc:llion of sttratospllmic  ozol Ie ovcw Antardica]’2  in laic willl.er

aIId  mrly s])ring i s  causd3 by Cllllallced  (;1[) ablllldallcCs4’5  arising  froln  llcfl-

C!rogc’llc!ous madions  on ]~o]ar slr:ttfc]sj~llc:ri[.  clouds (l) S{ls). {;10 ahundallces

Co]n]>arab]c!  I,o {,lIosc\  o v e r  Alll, arct,  ica IIave  a l s o  bc:[!Il observc:d I,llroug]loui  111(!

.A rdic Vorlc:xc, but the acc.olnpa]lyillg;  l o s s  of Arctic ozc)nc IIas  I)CCII ImICl~  ICSS

SCVCIY7.  A major  factor influmlcil]g  (;10 al)u IldaIIces  is (Iellili.ific;it,ic)ll {11{’ l’c’-

:Inoval  o f  IIitrogml  from tlhc: IC)WCI>  stratxmj~llcre  through  gravifjailional  sc!tfllillg c)f

I’S<J part,idcm  containing 11N03. IWcmt]y,  lneasurmnm]t,s  of gas- phas[: 11N03

lIaVC!  ]J(x!lI C)btaillC(]  fIWlll ~]lc! Micl’owavc ],ill”l]J  S01111{](!1’  (MliS)  oll])oal’d  f]]~

LI])])cr  AtIIIos]JIIerc:  }lcscmrclI  !+iatcllilc’ (lJAlt S). MI,S 11N03, 1120,  (;10, and

():i ]Jrovidc  ilhe firsij simullan~ous colnmol]]y  -  calibrallcd global  ll~c!as~lr[:lllcllts

dimdlly  showing the mrrdal)ions  betlwc:en (Ic:]]itl]’ifi  calfic)]], dd)yclratfion  and Cn-

l)ancxd  rmdive  chlorine afl”cding  stlralosphcric  ozone. ‘J’lle CXk91t,  degrcw, a]]d

durat, io]l of tlhese  ])romssm haw? I 1 o W  bc!cll C)]JSC1’Vd  OVC!~ all anllua] cyd[! a n d

f o u n d  to be muc+  grealer  in the A]liarctic  tl]all  i]~ the Ardic, m]]sistc]lt wit]]

8- ‘c { ]Ial, WC!I.C: III OISC ]il)lit,cc]  ill tejll])oral  all{] s])atia]  Scalr.])1’cvious olJsc!rvat!ions  r

‘J’llese rmu]is emphasim  ille iln])ortal]u:  of clollit~.ificat,ic)ll  in polar OZOIIC  loss.
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‘1’11(:  MIS illstrulllcllt]’ acquires stl:it){)sl)ll(~li(”  II I(*:i SIII(:III(~IIt  S whirl]  :Ir(: II()( d(~gI;Ia(l(xl  l)}’

1’S(;s  or aCIWOlS18.  M 1,S olwrvatiolls  of ( llO(;’]:’, ():+~’’f’’~,’,  and 11202” IIav(’  Iwcll  I“qdd

])r(viollsly.  II flo:j,  wllicll was  a  SC COIIdZIIy MIS III(~ISIII(III(lI~  ol)j(!(-(iv(18,  is ~1 lllillol  (’oll-

tril)l]tor  ill tlI(’ 205 (;117,  s])(:(LI;I1 lJalIds  IIs(xl to III(:tslll( ():, ;LIICI  (110. \/(rti(al  l)r(jiil(s

o f  gI;as ])II:ls(  11N03  arc IIOW  l)(:illg l(:t,ri(:v((l, r(:sllltillp;  ill illl])rov(x 1 fits 10 tlI( l:~clic)ll](tli(-

(Iatlzi [ W .  (J. ){(ad  ct al., in l)]cl)~ll:itioll]. ‘1111( (;l~~og(lli( l,illll) Arr:ty lI)taloII  S])((tIOIII(t(I

((; I,ADX) OII])(M1’(] lIAI{S  :(]S0 lIIC:lSIII”(’S 11 N():+22. initial co]ll])ariso]ls  of h41~S aIId (~l~AIIX

] ] N():i g;(:]lmally s]iow good qlla]ilativ(>  ag;r(x>]n(’tll, ~~,it,ll solll(: ~]ifl”(:l(~ll(.,(:s  (])~lti(lllal]y  ill ttl(’

soll(,]l(.lll ]l~.lllisl~]l(:l(:  ~IItl]lIIll) st,ill  l]l)c](~l illl~(.slig,iil,ioll, ‘1’]1( (s(,i,l,:it,((] l,l(yisioll  of MIS

Iowr(:r  stl:itos])ll(:]i(:  II N():3 ])r(w:]it(xl lt(r( is R 2? ]).IJ,I).v.  (l):llts  ])(I 1(1:) I)J’ Volllll  l(’) all{] {II(’

1’1 ‘J(j(fi,.  ‘1111( 1 12 0  IIj(:ilslll(lt](:llt,s  ar(: SIIOWII  at, 10W(SI altitll(l(s  tlIi III illii )SO l]t,(: ac(:IIrac..y i s  w.

r(:f. 21, I)llt lIavc sllflici(:]ltl  ])r(:cisioll  to (jllzil  it:\t)i\’(:ly  follow tlI(:  ])ro~r(:ssio]l  of cl(:llj~cll;itic)ll.

l“i~;l]m 1  slIows tltc Cvollltjioll  of M1,S II N():3, (;10,  ():{,  aiI(l IIz()  ill tlI( solltjll(rtl  ll(ll)i-

s])l I(:rc ill 1992, disl)layd  o]I t,l Ic 4(L7 1{ is(v]tjro])i(  sl]rfac(: (W 20 kIII altitl](lc) aloIIp;  wit])

(OIILOIIH of ])otclltlial vorticity  cllalactj(~]ixill~  tlll(’  ])olar  Voltj(’x Ilollll(lal’j’. ‘1’11(:  i’olt(x  i s

w:lI  (Jstal)lisllcd  1)-j 28 A])ri12:$ ,  wit])  ~lc(”llllllll;ltioll  of IIh’():j alI(l ():j (’vid(:lll  ill its illt(*-

rior, as cx]mctd  fro]]]  dialmtic  d(W(:IIt24. ‘l)(II)])(I~Li,III(:S  ar(:  still al)(Iv( tll( 1’S(; forlnatio]l”

II,] IICSIIO](]) ;iIId c]l]orinc has IIOt yet l)(x:II  activatl(d.

IIy 2 JlllIc  (tlIe lmginllillp;  of al I MIjS solltl) lool{illp;  l)criod),  t(:lll])(latllll(:s  ov(:r  a l)rmd

r(:gio]l arc low CIIOIIfJI  (< 195 1<) f o r  tlll(: forlnalio]l  o f  ‘1’y])(’ 1  (Ilitric a(id trillydralo

~Arl’)  ])LJ(;s~~. \~~]lil[: ~)xc,ll(: ~,l,llll(]:lll((s illsi(l(.  t,]lt.  ,(~lt,(x ]li~~( ill(l(:(s((]  sill(( 1:1(( A])lil,

a  d(:(icitl  ill :;as ])lIasc II N():j lIas d(:v(:lo])(xl  (:oillcid(llt  with  tll(~ 1ow(Y+( tt:l]l])(l:lt{ll(s.  A

:silililar  (I(xm:asc i s  lIot sccII  ill 1120. Altllollsll  tlI(~I(:  lIas l)(YJII sOIII(:  sllg~(wtio1126  that,

[l(:]lit].ific.tltio]l  occ IlrId  I)rior  to dcllydrat,  ion ill tlIc 1987 Alltardic  ~villtcr,  Illost l)r(~vio~ls

A]lt,arct, ic ol)scrvatiolls  lIavc SIIOWII  tlI(:  ])I()(MSIW of  (I(llit,lificatic)]l aIId d(’l Iydr:It  io]l to 1)(

‘rolll)l(:{l~’f  ’’’~7~7. ‘J’l]mmt,ical studim2N’2$) lIavc folll]d tl]at tllr s({lil]l(:llt:itio]l rat(:  o f  llN():~

l)articlcs c:III 1)(: sl]flicic]lt,ly  ra])id F;iv(]l  low (f)oli]l~ rat(s or (:()()]i]lg;  t,c) jllst  1)( ’IOIV tlll(’



NA’1’ uJIId(:IIsatio]I ~)oint {01 sulwtalltial  11 IN():,  loss to (1(”(’.111 ()\J(!l s]lolt  tlil)l(’s(al(:s  alI(l

ill(l(~])(:]l(l(:lltl  d im lmrticl(:  forlllatio]l. IIds(d 0]1 ddia (oll(rtd  dllrill~  tll( 1987 solltll(rll

willtl(’r,  SalaWit,cll  ci c1l. cal(:lllatc  tjllat  (’xt(~llsiv(:  (1(’llitlifi(titit)ll  (0111(1 l)av(:  of.(”iIrI(~(l  I)y

15 .IIIII(:, with sigtlifimllt d(:llyclratioll  occ.llrril)p;  l:it(r. ‘1’1)( MljS data sllj)lmrt  LII(: id(a tlldt

. . .
(I(:llltll’lfl(..illll[)ll  can l)n!uxlc  slg;llifi(:alltl  cl(:ll}~(ll”iilioll  ()\’(:r Alltar(ti(a.

()]i 17 August ,  MliS  O~W’V(dls’ (;10  vtilll(w as IIip;ll  a s  2 1).1).1).v. ill lllost  of tll(~ r(:~ioll

lx)I(w<IMI  d 600S, and a rillp;  o f  l o w  ():< (will(:id(llt  wil]l tjll(: llip,ll(st  (~lo  al)lIIId/i]I((*s.  ‘1’tl(’

dr(m of tf(~l~ll)(:ltttllr(:s  low CIIOIIglI (< 188 K)  for ‘J’y]x:  1 1  (wat(v  i(x~)  l) S (  k25 (:IICOII11)21SS(W

])~(wt  o f  tlIC Alltarc.tic  colltillmlt,. ‘1’lllollg,llollt”  I,llis rc~,iol), gas l)llfis( llN():j viill](s ar{

(> Xt, IWII(Jy low (< 2 p.p.l).  v.). A ‘(collar’) of lii~l]  IIh’():$ (> 10 ]).]),1).lr.) is s(Y’11 jllst olltsid(’

1,1)(:  low t,(:l)ll)(:latlllc  r(:~ioll , mllsist(:llt  wit]l l)l(:\’iolls  air(rafl olJs(*t\’titiO1]ss’$’”  dlid (“() locdt(xl

(; I, AI’;S  llI(::lSll l”Clll  ClltS 22. ‘]’]IC Ollkl’  ~KNllld~l’~ d (’l I] I:IIIC(’(] (;]() IWIIF;lIIJ’ COI”lTS]WII(l  S to t]l(’

illllcr  (Xlg;(: of tllc IIh’():j collar rcgioll , as (x])(K((xI {roll] tlll(’  coll\~(:rsioll  of r(:ddi\~(’  clllorill(~

ill(c) Iu(:n’oir  f o r m  ((~loN02)”  tllrougll  r(~fi(tioll  wit]]  N102 r(~l(~:isc(l  l),Y II NIO:+  1)1 Iotolysis.

‘1’IIc  IIz()  Ins]) illdicaks  tllall  illtmlsc  ddl)~dratioll  lIas also IIOW orcllrr(xl  witllill  tll(:  low-

1,( ’1111 )( ’l”:lt,lll’(:  Zoll(:.

]Jow(:r stl~itlc)s])ll(:lic  Lcl)ll)(:l;itllll(:s  \var]n(xl alw\T( tl]( (Illt(sllold  for ‘J’yI)(:  1 l)S(; forlna-

Iuio]l  tllc last,  wmk in SC})tCml)Cr:3(’. M1,S  II)(t]slll(’lll(llts  0111  Novcllll)(:r  (tllr I)cgillllil]g; of t,ll(:

]I(:x( solltlll  looking  })m’iod) slIow tlIat, altlllollgll  tll(’  (:l(:vat(d  (;10 al)lIII(lalIc(:s lIdv(~ Itxxxl(d,

11,11(: OZO]IC  10 S S  t,llat dcvclo])cd  ill Scl)t,cllll)t:l(;’’<1’20 alId tlIc  II N():{ d e f i c i t  ]msist.  ‘1’IIc  d(:-

I)rcsscd  llN():j vdl](:s at this ti]nc illl])ly tllal  irrcw:rsil)lc rclnowil of II N():I ((lcllitlifi(:ltic)ll)

‘t I as OCCU1”l’M1  .

‘1’llis  l)attln])  of (lc:lliLIificiliic)Il  is 1101 S((S]I ill t

ur(: 2 ) .  III contrast  to tlIC sout,ll(,rll  IIclllisl)ll(m



nr[m ovm soutllmll  l“i TIland,  tmll])matlllrm  l(~llldill  too  IIip;ll f o r  l),$(; s and (;10 i s  ]Iot tv-

llal)cxxl. l,owr stratospllmic  O:t and 11 N():j  lIav( a(.(:IIII  )IIl:It(:cl illsidc  tll( vort,(w, and lII(:M:

i s  1)() (~vidmlc(:  tjl)at  (Icllitflifi(:tltioll  ]Ias 1)(’(I) illiliall(’(l.

‘1’1)(’ ]])0s1  s t r i k i n g  difl”(w:ll(x:s  I)(tw((:]) tfll(:  II(vllisj)ll(mx  ()((llr ill l:I1(J willl(:r.  \Vllil(:  tlI(’

sout,l  IcIJI vortex ill August  is II(JaIly  C(HI{CI (YI ov(~r lII(J ])01(:) tll(~  II OItlI(~III  vort(~x ill l“(Jl)]IIarj’

i s  (Iistodjd,  with  tlllc  sc){ltllcllllll{)stl  }wrtioll  cov(:rillg;  Inost  of 1’JIIIW]M* 011 22 1+ ’(:l)IIIa  Iy. (~lo

1a )lllld:lll C(’S [I I’(:  F; Cll(:l’ iI Ily Cllllallc(xl ( >  1 p.p.l). v.) l’111’ollfjlollt  tll(! V(wt’(!x,  1)111 ():j Villll(’s

r(~lllaill  IIigll,  suggmt,  illg that  tile  lc:])l(~llislllll(’llt  I)y dial)atic d(w(vlt  vxuds  tllc  (l(~str II(( io]l

l)y (lllorill(  dl(lllistl~. IIctlw((,ll  (; IxxII  12111(1  dII(l S(allclillavia  lII(M  is a l(jiv  t(:IIIl)(IzItlll(  ar(d

9 ]).]).1).L’.) l(:lativ(  to tll(’ I(lll:iillcl(:lofill wllicll  sas ])1 Iasc IIN03 al)uIIdaIIc(x  ar(, low (W 5- .

IJII(:  vorl,(ix  (W 10 - 1 4  ]).]).1).v.).  ‘1’llis  low tl(*lI)])(’lall]l(’, 10M 11 N():j  r(g;ioll l)(rsists  fol  ()]lly

ii f(!w days  (Ilot  Slmwll). ‘1’ll(:r(:  i s  ]Io cc)lt(s])c)ll(lillg  ])(:ltllll)?ltioll  ill ():{ or (;10, iln])l.yillg

l,ll;]t,  tlI(~ s(:clll(:st,latioll  o f  gas ])lIitsc llN():j ill iNArl’ l’S(; s, ratll(~r  tll:t]l illtrllsioll  of lo\v(P

IIatitllld(:  air or lll)lift  o f  LII( is(:lltrol)(s,  (alls(s  (11(  oljs(rv(xl  II N():} CI(cl(ds(.  (~olll])ar(d  to

11,11(,  Ant, arct, ic, (1{’ig(lrc ] ), t,l Ic Arctic llhlo:~ 1(MS is 1(sss illt(~l]s(~, ]IIor(”  Ic)(’.aliz(xl,  aIId 11101(~

t,r~il]si(,llt,,  il]dicat,illg  tl)at t,l Ic Arctic vort(:x IIas not IIII(l(~r~oII(~ sig,tlifi(illlt  (I(:llit,lifi(tltioll.

~Sig;llificdl]tl  ddlydratiol)  is also not ol)s(:rv(:(l. l]y lni(l h4:\r(:ll,  aft(r t,lvo  stroll~  st,l;ltosl)ll(li(

:{], LIIC IIigll  vdll]m of (;10  lIav(*  dilllillisll(d.‘War llllllgs ():+ al)llllddl](.(:s  ar(: low(l  tlliill  ill

I’(:l)r(laly,  I)ut LIIC dc])lctioll  is ]I~uc.11 1(:ss s(s\T(M  tllztll  ill tll(:  soI]tlI(:rII  \ort(!x IJCLW(X:]I Allg(lst

1 hc u)ntillll(xl  ])M:s(:]Ic(:  of II N():+ tllrollgllollt  LII( Al(tic \villi,(r IIlod(rat(s:111(1  s(q)tJ(Hlll)(u’7.  r ‘

tll( d(stfrll(tioll  o f  ozol](: l)y ])ro\i(lillp,  a sc)lll((:  of N02 to (III(JI(II (;I().

(Illd(r  l)r(:s(’llt  c.lilnat( {.ollditiolls, Ar(ti( \villt(:r  t(lll])(lt~tllt(:s  I(:lllaill l)(:low  tlI( ‘1’yl)( 1

I’S(; tllu:sliold  Sll{liciclltly  1011P; for  1OW(>I sll~ttos])ll(:li(  cllloril)(~  to I)( slll)slalltially  (ollv(rtl(xl

‘to r(:activc  forlll. lIOWWT,  tll(:y do IIot fall l o w  (Vlollgjl, 01” St:iy  low loll~ (!llollgll,  for

:+(~{lilll(:llt,;ltioll  I)Y Citlllm  ‘J’y])c 1 or ‘1’yl)r  1 I l)S(;  ])dltli(l(~s  to (tills(’ (~xt(vlsiw: (l(~tlitlific:ltlic)ll.

l~l]t,llr(  coolills o f  tllc  low(:r stt;itos])ll(r(  ((p,., c{]lls(’(1 I)y itl(r(~as(:s  ill gl(x’]lllol]s(:  p;as(:s)
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fould illtcllsify  dcllitrificatiol]  al I(l, wlI

IOSSCS  of Arctic 0ZOIIC32133.”
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